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(EMTIC M-106, 3/9/95)
Method 106 -Determination of Vinyl Chloride from Stationary
Sources

| nt roducti on

Performance of this nethod should not be attenpted by persons
unfamliar with the operation of a gas chromatograph (GC) nor by
t hose who are unfamliar wth source sanpling, because know edge
beyond the scope of this presentation is required. Care nust be
exercised to prevent exposure of sanpling personnel to vinyl
chl oride, a carcinogen
1. Applicability and Principle

1.1 Applicability. The nmethod s applicable to the
measurenent of vinyl <chloride in stack gases from ethylene
di chloride, vinyl chloride, and polyvinyl chloride manufacturing
processes. The net hod does not neasure vinyl chloride contained in
particul ate matter

1.2 Principle. An integrated bag sanple of stack gas
containing vinyl chloride (chloroethene) is subjected to GCC
anal ysis using a flame ionization detector (FID).

2. Range and Sensitivity

This nethod is designed for the 0.1 to 50 ppmrange. However,
common GC instrunments are capable of detecting 0.02 ppm vinyl
chloride. Wth proper calibration, the upper limt nmay be extended
as needed.

3. Interferences

The chromat ographi ¢ colums and the correspondi ng operating
paraneters herein described normally provide an adequate resol ution
of vinyl <chloride; however, resolution interferences may be
encount ered on sone sources. Therefore, the chromatograph operator
shal | select the colum and operating paraneters best suited to his
particul ar analysis requirenents, subject to the approval of the
Adm ni strator. Approval is automatic, provided that the tester
produces confirmng data through an adequate supplenenta
anal ytical technique, such as analysis with a different colum or
&C mass spectroscopy, and has the data available for review by the
Adm ni strator.

4. Appar at us

4.1 Sanpling (see Figure 106-1). The sanpling train consists
of the follow ng conponents:
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4.1.1 Probe. Stainless steel, Pyrex glass, or Teflon

tubing (as stack tenperature permts) equi pped with a glass wool

plug to renove particulate matter

4.1.2 Sanpl e Lines. Teflon, 6.4-mm outside dianeter, of
sufficient length to connect probe to bag. Use a new unused piece
for each series of bag sanples that constitutes an em ssion test,
and di scard upon conpletion of the test.

4.1.3 Qui ck Connects. Stainless steel, male (2) and femal e
(2), with ball checks (one pair without), l|ocated as shown in
Fi gure 106-1.

4.1. 4 Tedl ar Bags. 50- to 100-liter capacity, to contain
sanple. Alumnized Mylar bags may be used if the sanples are
anal yzed within 24 hours of collection.

4.1.5 Bag Containers. R gid |eak-proof containers for
sanpl e bags, with covering to protect contents from sunlight.

4.1.6 Needl e Val ve. To adjust sanple flow rates.

4.1.7 Punp. Leak-free, wth mnimm of 2-liter/mn
capacity.

4.1.8 Charcoal Tube. To prevent admssion of vinyl

chloride and other organics to the atnosphere in the vicinity of
sanpl ers.

4.1.9 Fl ometer. For observing sanpling flow rate; capable
of neasuring a flowrange fromO0.10 to 1.00 liter/ mn.

4.1.10 Connecti ng Tubing. Teflon, 6.4-nmm outside dianeter,
to assenble sanmpling train (Figure 106-1).

4.1.11 Tubing Fittings and Connectors. Teflon or stainless
steel, to assenble sanpling train

4.2 Sanple Recovery. Teflon tubing, 6.4-nmm outside dianeter,
to connect bag to GC sanple |oop for sanple recovery. Use a new
unused piece for each series of bag sanples that constitutes an
em ssion test, and discard upon conclusion of analysis of those
bags.

4.3 Analysis. The follow ng equi pnent is required:



4.3.1 Gas Chromat ograph. Wth FID, potentionetric strip
chart recorder and 1.0- to 5.0-m heated sanpling loop in automatic
sanpl e valve. The chromatographic system shall be capable of
producing a response to 0.1-ppmvinyl chloride that is at |east as
great as the average noise |level. (Response is neasured fromthe
average value of the base line to the maxi mum of the wave form
whi l e standard operating conditions are in use.)

4.3.2 Chr omat ogr aphi ¢ Col ums. Columms as |isted bel ow
The anal yst may use other columms provided that the precision and
accuracy of the analysis of vinyl chloride standards are not
i npaired and he has available for review information confirmng
that there is adequate resolution of the vinyl chloride peak.
(Adequate resolution is defined as an area overlap of not nore than
10 percent of the vinyl chloride peak by an interferent peak.
Cal cul ation of area overlap is explained in Appendi x C, Procedure
1: " "Determnation of Adequate Chromatographi c Peak Resolution.'")

4.3.2.1 Colum A  Stainless steel, 2.0 m by 3.2 mm
cont ai ni ng 80/ 100- nesh Chromasorb 102.

4.3.2.2 Colum B. Stainless steel, 2.0 m by 3.2 mm
containing 20 percent GE SF-96 on 60/ 80-nesh Chromasorb P AW or
stainless steel, 1.0 mby 3.2 mm contai ni ng 80/ 100- nesh Porapak T.
Colum B is required as a secondary colum if acetal dehyde is
present. If used, colum B is placed after colum A. The conbi ned
col ums shoul d be operated at 120° C

4.3.3 Fl omneters (2). Rotaneter type, 100-m/mn capacity,
wth flow control val ves.

4.3. 4 Gas Regul ators. For required gas cylinders.

4.3.5 Ther nonet er . Accurate to 1° C(C, to neasure

tenperature of heated sanple |oop at tine of sanple injection.

4.3.6 Baroneter. Accurate to 5 mm Hg, to neasure
at nospheric pressure around GC during sanpl e anal ysis.

4.3.7 Punp. Leak-free, with mninmm of 100-mM /mn
capacity.

4.3.8 Recorder. Strip chart type, optionally equipped with

either disc or electronic integrator.

4.3.9 Planimeter. Qptional, in place of disc or electronic
i ntegrator on recorder, to neasure chronmatograph peak areas.

4.4 Calibration. Sections 4.4.2 through 4.4.4 are for the
optional procedure in Section 7.1



4.4.1 Tubi ng. Teflon, 6.4-mm outside dianmeter, separate
pi eces marked for each calibration concentration.

4.4 .2 Tedl ar Bags. Sixteen-inch-square size, wth val ve;
separate bag nmarked for each calibration concentration.

4.4.3 Syringes. 0.5-m and 50-pl, gas tight, individually
cali brated to di spense gaseous vinyl chloride.

4.4.4 Dry Gas Meter, with Tenperature and Pressure Gauges.
Singer Mdel DTM 115 with 802 index, or equivalent, to neter
nitrogen in preparation of standard gas m xtures, calibrated at the
flowrate used to prepare standards.

5. Reagents

Use only reagents that are of chromatograph grade.

5.1 Analysis. The followng are required for analysis.

5.1.1 Hel iumor N trogen. Zero grade, for chronmatographic
carrier gas.

5.1.2 Hydr ogen. Zero grade.

5.1.3 Oxygen or Air. Zero grade, as required by the
det ect or.

5.2 Calibration. Use one of the follow ng options: either
5.2.1 and 5.2.2, or 5.2.3.

5.2.1 Vinyl Chloride. Pure vinyl chloride gas certified by
the manufacturer to contain a mninum of 99.9 percent vinyl
chloride, for use in the preparation of standard gas m xtures in
Section 7.1. If the gas manufacturer maintains a bulk cylinder
supply of 99.9+ percent vinyl chloride, the certification analysis
may have been performed on this supply rather than on each gas
cylinder prepared fromthis bulk supply. The date of gas cylinder
preparation and the certified analysis nust have been affixed to
the cylinder before shipnent from the gas manufacturer to the
buyer.

5.2.2 Ni trogen. Zero grade, for preparation of standard
gas m xtures as described in Section 7.1

5.2.3 Cylinder Standards (3). Gas m xture standards (50-,
10-, and 5-ppmvinyl chloride in nitrogen cylinders). The tester
may use cylinder standards to directly prepare a chromatograph
calibration curve as described in Section 7.2.2, if the follow ng



conditions are net: (a) The manufacturer certifies the gas
conposition with an accuracy of +3 percent or better (see Section
5.2.3.1). (b) The manufacturer reconmends a maxi numshelf |ife over
whi ch the gas concentration does not change by greater than %5
percent fromthe certified value. (c) The manufacturer affixes the
date of gas «cylinder preparation, certified vinyl chloride
concentration, and recomended maxi nrum shelf |life to the cylinder
before shipnment to the buyer.

5.2.3.1 Cylinder Standards Certification. The manufacturer
shall certify the concentration of vinyl chloride in nitrogen in
each cylinder by (a) directly analyzing each cylinder and (b)
calibrating his analytical procedure on the day of cylinder
analysis. To calibrate his anal ytical procedure, the manufacturer
shall use, as a mninmum a three-point calibration curve. It is
recommended that the manufacturer maintain (1) a high-concentration
calibration standard (between 50 and 100 ppn) to prepare his
cal ibration curve by an appropriate dilution technique and (2) a
| ow- concentration calibration standard (between 5 and 10 ppm to
verify the dilution technique used. If the difference between the
apparent concentration read fromthe calibration curve and the true
concentration assigned to the Ilowconcentration calibration
standard exceeds 5 percent of the true concentration, the
manuf acturer shall determ ne the source of error and correct it,
then repeat the three-point calibration.

5.2.3.2 Verification of Manuf acturer's Cal i bration
Standards. Before using a standard, the manufacturer shall verify
each calibration standard (a) by conparing it to gas mxtures
prepared (with 99 nole percent vinyl chloride) in accordance with
the procedure described in Section 7.1 or (b) calibrating it
against vinyl <chloride cylinder Standard Reference Materials
(SRMs) prepared by the National Bureau of Standards, if such SRM s
are available. The agreenent between the initially determ ned
concentration value and the verification concentration val ue nust
be within 5 percent. The manufacturer nust reverify all
calibration standards on a tine interval consistent with the shelf
life of the cylinder standards sol d.

5.2. 4 Audit Cylinder Standards (2). Gas m xture standards
with concentrations known only to the person supervising the
analysis of sanples. The audit cylinder standards shall be

identically prepared as those in Section 5.2.3 (vinyl chloride in
nitrogen cylinders). The concentrations of the audit cylinder
shoul d be: one | ow concentration cylinder in the range of 5 to 20
ppm vi nyl chloride and one high-concentration cylinder in the range
of 20 to 50 ppm Wen available, the tester may obtain audit
cylinders by contacting: Envi r onnment al Protection Agency,
Environnmental Monitoring Systens Laboratory, Quality Assurance
Division (MD-77), Research Triangle Park, North Carolina 27711.



Audit cylinders obtained froma conmercial gas manufacturer may be
used provided: (a) the gas manufacturer certifies the audit
cylinder as described in Section 5.2.3.1, and (b) the gas
manuf act urer obtains an independent analysis of the audit cylinders
to verify this analysis. |Independent analysis is defined here to
mean analysis performed by an individual different than the
i ndi vidual who perforns the gas manufacturer's analysis, while
using calibration standards and anal ysis equi pment different from
those used for the gas manufacturer's analysis. Verification is
conpl ete and accept abl e when the i ndependent anal ysis concentration
is within 5 percent of the gas manufacturer's concentration.

6. Procedure

6.1 Sanpling. Assenble the sanple train as shown in Figure
106-1. A bag |eak check should have been perforned previously
according to Section 7.3.2. Join the quick connects as illustrated,
and determne that all connection between the bag and the probe are
tight. Place the end of the probe at the centroid of the stack and
start the punp with the needle val ve adjusted to yield a flow that
wll fill over 50 percent of bag volunme in the specific sanple
period. After allowing sufficient tine to purge the line several
ti mes, change the vacuum line from the container to the bag and
evacuate the bag until the rotameter indicates no flow Then
reposition the sanple and vacuum l|lines and begin the actual
sanpling, keeping the rate proportional to the stack velocity. At
all times, direct the gas exiting the rotaneter away from sanpling
personnel. At the end of the sanple period, shut off the punp,
di sconnect the sanple line fromthe bag, and di sconnect the vacuum
line from the bag container. Protect the bag container from
sunl i ght.

6.2 Sanple Storage. Keep the sanple bags out of direct
sunlight. Wen at all possible, analysis is to be perfornmed within
24 hours, but in no case in excess of 72 hours of sanple
collection. Alum ni zed M/l ar bag sanpl es nust be anal yzed within 24
hour s.

6.3 Sanple Recovery. Wth a new piece of Teflon tubing
identified for that bag, connect a bag inlet valve to the gas
chromat ograph sanple valve. Switch the valve to receive gas from
the bag through the sanple |oop. Arrange the equipnent so the
sanpl e gas passes from the sanple valve to 100-ml/mn rotaneter
with flow control valve followd by a charcoal tube and a 1-in. H20
pressure gauge. The tester may maintain the sanple flow either by
a vacuum punp or container pressurization if the collection bag
remains in the rigid container. After sanple loop purging is
ceased, allow the pressure gauge to return to zero before
activating the gas sanpling val ve.

6.4 Analysis. Set the colum tenperature to 100° C and the



detector tenperature to 150° C. Wen opti mum hydrogen and oxygen
flow rates have been determ ned, verify and maintain these flow
rates during all chromatography operations. Using zero helium or
nitrogen as the carrier gas, establish a flow rate in the range
consistent with the manufacturer's requirenents for satisfactory
detector operation. A flowrate of approximately 40 m/mn should
produce adequate separations. (Qbserve the base line periodically
and determne that the noise |level has stabilized and that base
line drift has ceased. Purge the sanple | oop for 30 seconds at the
rate of 100 m/mn, shut off flow, allow the sanple | oop pressure
to reach atnospheric pressure as indicated by the H2O manoneter
then activate the sanple valve. Record the injection tine (the
position of the pen on the chart at the tinme of sanple injection),
sanpl e nunber, sanple | oop tenperature, columm tenperature, carrier
gas flow rate, chart speed, and attenuator setting. Record the
baronetric pressure. From the chart, note the peak having the
retention tinme corresponding to vinyl chloride as determned in
Section 7.2.1. Measure the vinyl chloride peak area, Am by use of
a disc integrator, electronic integrator, or a planinmeter. Measure
and record the peak heights, Hn Record Am and retention tine.
Repeat the injection at least two tinmes or until two consecutive
values for the total area of the vinyl chloride peak do not vary
nore than 5 percent. Use the average value for these two total
areas to conpute the bag concentration

Conmpare the ratio of Hnto Amfor the vinyl chloride sanple
with the sane ratio for the standard peak that is closest in
height. If these ratios differ by nore than 10 percent, the vinyl
chl oride peak may not be pure (possibly acetal dehyde is present)
and the secondary colum shoul d be enpl oyed (see Section 4.3.2.2).

6.5 Determnation of Bag Water Vapor Content. Measure the
anbi ent tenperature and baronetric pressure near the bag. From a
wat er saturation vapor pressure table, determne and record the
wat er vapor content of the bag as a decimal figure. (Assune the
relative humdity to be 100 percent unless a l|lesser value is
known. )
7. Preparation of Standard Gas M xtures, Calibration, and Quality
Assur ance

7.1 Preparation of Vinyl Chloride Standard Gas M xtures.
(Optional Procedure)delete if cylinder standards are used.)
Evacuate a 16-inch square Tedl ar bag that has passed a | eak check
(described in Section 7.3.2) and neter in 5.0 liters of nitrogen.
While the bag is filling, use the 0.5-m syringe to inject 250 n
of 99.9+ percent vinyl chloride gas through the wall of the bag.
Upon wit hdrawi ng the syringe, innmediately cover the resulting hole
with a piece of adhesive tape. The bag now contains a vinyl
chl oride concentration of 50 ppm In a |ike manner use the 50 ni
syringe to prepare gas m xtures having 10- and 5-ppmvinyl chloride



concentrations. Place each bag on a snooth surface and alternately
depress opposite sides of the bag 50 tinmes to further mx the
gases. These gas m xture standards may be used for 10 days fromthe
date of preparation, after which tinme new gas m xtures nust be
prepared. (Caution: Contam nation may be a problem when a bag is
reused if the new gas mxture standard is a |ower concentration
than the previous gas m xture standard.)

7.2 Calibration.

7.2.1 Determ nation of Vinyl Chloride Retention Tine.
(This section can be perforned sinultaneously with Section 7.2.2.)
Establ i sh chromat ograph conditions identical with those in Section
6.4 above. Determ ne proper attenuator position. Flush the sanpling
loop with zero heliumor nitrogen and activate the sanple valve.
Record the injection time, sanple |oop tenperature, colum
tenperature, carrier gas flow rate, chart speed, and attenuator
setting. Record peaks and detector responses that occur in the
absence of vinyl chloride. Maintain conditions with the equi pnent
pl unbi ng arranged identically to Section 6.3, and flush the sanple
| oop for 30 seconds at the rate of 100 mM/mn with one of the vinyl
chloride calibration mxtures. Then activate the sanple valve
Record the injection tine. Select the peak that corresponds to
vinyl chloride. Measure the distance on the chart from the
injection tinme to the time at which the peak maxi num occurs. This
quantity divided by the chart speed is defined as the retention
time. Since other organics may be present in the sanple, positive
identification of the vinyl chloride peak nust be made.

7.2.2 Preparation of Chromatograph Calibration Curve. Make
a GC neasurenent of each gas m xture standard (described in Section
5.2.3 or 7.1) using conditions identical with those listed in
Sections 6.3 and 6.4. Flush the sanpling | oop for 30 seconds at the
rate of 100 mM/mn with one of the standard m xtures, and activate
the sanple valve. Record the concentration of vinyl chloride
injected (Cc), attenuator setting, chart speed, peak area, sanple
| oop tenperature, colum tenperature, carrier gas flow rate, and
retention tinme. Record the baronetric pressure. Calculate Ac, the
peak area nmultiplied by the attenuator setting. Repeat until two
consecutive injection areas are wwthin 5 percent, then plot the
average of those two val ues versus Cc. Wen the other standard gas
m xtures have been simlarly analyzed and plotted, draw a straight
line through the points derived by the |east squares nethod.
Performcalibration daily, or before and after the anal ysis of each
em ssion test set of bag sanples, whichever is nore frequent. For
each group of sanple analyses, use the average of the two
calibration curves which bracket that group to determne the
respective sanple concentrations. If the two calibration curves
differ by nore than 5 percent fromtheir nean val ue, then report
the final results by both calibration curves.



7.3 Quality Assurance.

7.3.1 Anal ysis Audit. Imediately after the preparation of
the calibration curve and prior to the sanple anal yses, performthe
anal ysis audit described in Appendix C, Procedure 2: " Procedure

for Field Auditing GC Anal ysis.''

7.3.2 Bag Leak Checks. Checking of bags for leaks is
required after bag use and strongly recommended before bag use.
After each use, connect a water manoneter and pressurize the bag to
5to 10 cm H20 (2 to 4 in. H20. Allow to stand for 10 mn. Any
di spl acenent in the water manoneter indicates a | eak. Al so, check
the rigid container for leaks in this manner. (Note: An alternative
| eak check nmethod is to pressurize the bag to 5 to 10 cm H20 and
allowit to stand overnight. A deflated bag indicates a | eak.) For
each sanple bag in its rigid container, place a rotaneter in |line
bet ween the bag and the punp inlet. Evacuate the bag. Failure of
the rotanmeter to register zero flow when the bag appears to be
enpty indicates a | eak.

8. Cal cul ati ons

8.1 Sanple Peak Area. Determ ne the sanple peak area, A., as
fol | ows:

A = A, A Eq. 106-1

Wer e:
A.=Measur ed peak area.
A=At tenuation factor.

8.2 Vinyl Chloride Concentrations. From the calibration
curves described in Section 7.2.2, determne the average
concentration value of vinyl chloride, Cc, that corresponds to Ac,
t he sanpl e peak area. Cal cul ate the concentration of vinyl chloride
in the bag, G, as follows:

Cb e Eq 106' 2

Wher e:

C,=Concentration of vinyl chloride in the bag, ppm
C.=Concentration of vinyl chloride in the standard sanple, ppm
P.,=Reference pressure, the |aboratory pressure recorded during
calibration, mm Hg.

T,=Sanple loop tenperature on the absolute scale at the tine of
anal ysis, °K

P,=Laboratory pressure at tine of analysis, mm Hg.

T,=Reference tenperature, the sanple |oop tenperature recorded



during calibration, °K

B,=Water vapor content of the bag sanple, as analyzed, volune
fraction.
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Figure 106-1. Integrated-bag sampling train.

(Mention of trade names or specific products does not constitute endorsement
by the Environmental Protection Agency)




